Structure-based mutational and functional analysis identify human NM23-H2 as a multifunctional enzyme.
The human NM23-H2 protein is a transcriptional regulator (PuF) that binds and cleaves DNA via covalent bond formation, and also catalyzes phosphoryl transfer (NDP kinase). Our previous work has identified two separate DNA-binding regions on NM23-H2/PuF: a sequence-dependent DNA-binding surface involving residues Arg34, Asn69, and Lys134 on the equator of the hexameric protein and a covalent DNA-binding site involving Lys12 located in the nucleotide-binding site, the site of the NDP kinase reaction. To understand the role of the nucleotide-binding site in the DNA cleavage reaction and to establish a connection between the nuclease and the NDP kinase activities, we used the known crystal structure of NM23-H2 complexed with GDP as the basis for site-directed mutagenesis. We thus identified Arg88 and Arg105 as residues that are, in addition to Lys12, critical for covalent DNA binding and DNA cleavage, as well as for the NDP kinase reaction. Another residue, Gln17, was required only for DNA cleavage, and Tyr52, Asn115, and His118 were found to be essential only for the NDP kinase activity. Six of these seven functionally important amino acids associated with the nucleotide-binding site are evolutionarily conserved, underscoring their biological importance. We also show that nucleoside triphosphates but not nucleoside diphosphates inhibited the covalent DNA binding and DNA cleavage reactions, independent of phosphoryl transfer and the NDP kinase reaction. These findings collectively suggest that the binding modes of mononucleotides and duplex DNA oligonucleotides in the nucleotide-binding site differ, and that NM23-H2 possesses multiple biochemical activities. A model consistent with these observations is presented.